Introduction
In 2012, an estimated 429,800 patients were diagnosed with, and 165,100 patients died from, bladder cancer worldwide. 1 NMIBC, which is confined to the mucosa or lamina propria, accounts for approximately 80% of all newly diagnosed bladder cancers. 2, 3 TURBT is a typical first-line treatment for NMIBC patients. However, 70% of patients may suffer from recurrence after TURBT and 5-year recurrence rates are as high as 80%. 4 As a result, many patients undergo TURBT a second time. In addition, prognosis is worse in high-risk NMIBC patients; for example, in those with T1G3, 18, 19 NLR is widely used as a predictor of oncologic outcomes in NMIBC patients. In this study, we examined the association between Apo A-I levels and prognosis in NMIBC patients to determine whether preoperative Apo A-I levels might also predict OS and CSS in NMIBC patients undergoing TURBT.
Patients and methods

Patient selection and data collection
We retrospectively examined data from 470 patients who were initially diagnosed with NMIBC and subsequently underwent TURBT at the Department of Urology, Xuanwu Hospital Capital Medical University, between January 2004 and December 2011. Patients without previous or coexisting tumors and for whom results of routine blood tests and blood biochemical indexes (including NEUT, LYMPH, PLT, NLR, PLR, HGB, TP, ALB, GLB, A/G, PAB, TG, TC, HDL-C, LDL-C, Apo A-I, and Apo B) prior to treatment were available were included in the study. Patients for whom clinical and pathological information was incomplete, who had non-urothelial bladder carcinoma, or who had other types of concomitant malignant tumors were excluded. Pathological stage was assessed based on the 2010 American Joint Committee on Cancer classification; the 2004 World Health Organization classifications were used to determine tumor grade. In addition, subgroup analyses were performed after categorizing patients based on IBCG risk classification. 20, 21 Low risk was defined as solitary, low-grade (LG) primary Ta tumors, intermediate risk as multiple or recurrent LG tumors, and high risk as T1 or Tis or high-grade (HG) tumors. NLR was the ratio of NEUT to LYMPH, and PLR was the ratio of PLT to LYMPH. Clinicopathological features included history of smoking; pathological tumor grade; presence of CIS; lymphovascular invasion; and stage, number, and size of tumors; oncologic outcomes examined included tumor recurrence, progression, OS, and CSS. Recurrence was defined as the first pathologically confirmed tumor relapse in the bladder or upper urinary tract, regardless of tumor stage. Progression was defined as an increase in T category or tumor grade or development of lymph node or distant metastasis. 20 A second TURBT was routinely performed in patients who were diagnosed with T1 or HG bladder cancer on initial TURBT. Patients underwent postoperative adjuvant intravesicle instillations of chemotherapy on the basis of tumor characteristics. Demographic data collected at the time of the TURBT procedure at our hospital were also extracted from patients' records. This research was approved by the Ethics Committee of Xuanwu Hospital Capital Medical University. Written informed consent forms were obtained from all enrolled patients for the use of their medical data in this study.
Patient follow-up
Patients were routinely monitored every 3 months for the first 2 years after TURBT, twice a year for the following 2 years, and annually thereafter. Follow-up investigations consisted of history, physical examination, routine laboratory studies, and cystoscopy. Computed tomography scan was performed every year to assess bladder and upper tract urothelium recurrences.
statistical analyses
Statistical analyses were conducted using SPSS statistical software package 22.0 (IBM, Armonk, NY, USA) and MedCalc version 12.5 (MedCalc Software, Ostend, Belgium). Routine blood test results and blood biochemical indexes are presented as medians with ranges. Differences in continuous variables were assessed using unpaired t-tests. Categorical variables were analyzed using Pearson's chisquare test. ROC curve analyses were used to calculate appropriate cut-off values for routine blood test results and blood biochemical indexes. Through dichotomized at each possible cut-off point, the optimal cut-off value was selected with the maximal value of Youden index, when 
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association between apo a-i levels and nMiBC patients the maximal sensitivity and specificity were obtained for predicting 5-year OS. In addition, Cox proportional hazard models were applied to these survival variables measured. The end points for this study were 5-year OS and CSS. OS was defined as the time interval (in months) between the date of surgery and date of death for any reason or last follow-up. CSS was measured as the time interval (in months) from the date of surgery to date of death attributed to NMIBC. OS and CSS were estimated by Kaplan-Meier analysis, and the log-rank test was used to assess differences between groups. Multivariate Cox regression analyses were performed to determine independent prognostic value of variables associated with differences in survival. Patients were treated as censored observations if they were alive at the time of last follow-up. Two-sided p-values of less than 0.05 were considered statistically significant.
Results
Clinicopathological characteristics of 470 nMiBC patients
Patient clinicopathological characteristics are shown in Table 1 . Of the 470 patients included in this study, 354 (75.32%) were male and 188 (40.00%) had a history of smoking. The median age at diagnosis was 70 years with a range of 16 to 91. Most patients (n = 342, 72.77%) had LG carcinoma; only one had concomitant CIS. The median follow-up time was 89 months with a range of 10 to 154. The median Apo A-I level was 1.09 g/L (range 0.46-3.27 g/L) and the median NLR level was 2.01 (range 0. . All patients received intravesical chemotherapy and none exhibited lymphovascular invasion. Additionally, 34 (7.23%) patients received intra-arterial chemotherapy. The 5-year OS and 5-year CSS rates for the overall patient population were 86.81% and 90.05%, respectively.
Cut-off value selection for serum apo a-i and other indexes for 5-year Os prediction ROC curve analysis is shown Figure 1 . As described previously, 22 the optimal cut-off value of 1.19 g/L for Apo A-I level, with an area under the curve of 0.640 (95% CI, 0.575-0.700; p = 0.0062), was identified based on this analysis. Similarly L were chosen for BMI, NEUT,  LYMPH, PLT, HGB, NLR, PLR, TP, ALB, GLB, A/G, PAB, TG, TC, HDL-C, LDL-C, Apo B levels, respectively (data not shown). The Apo A-I cut-off value of 1.19 g/L was used to divide patients into low (≤1.19 g/L) and high (>1.19 g/L) Apo A-I groups. Accordingly, 326 (69.36%) patients were assigned to the low Apo A-I group and 144 (30.64%) to the high Apo A-I group.
associations between preoperative apo a-i level and clinicopathological characteristics
Comparisons of clinicopathological characteristics between the low and high Apo A-I groups are shown in Table 2 . Patients with high Apo A-I levels were more likely to have higher ALB (p = 0.033), PAB levels (p = 0.003), and better 5-year OS (p = 0.001), 5-year CSS rates (p = 0.040) than those with low Apo A-I levels. association between apo a-i, alB, nlR, hgB and Os, Css in the overall population
We examined whether Apo A-I, ALB, HGB levels, and NLR were associated with OS and CSS using Kaplan-Meier survival analysis. Patients were divided into two low and high groups based on preoperative Abbreviations: a/g, albumin/globulin ratio; alB, albumin; apo a-i, apolipoprotein a-i; apo B, apolipoprotein B; BMi, body mass index; Cis, carcinoma in situ; Css, cancer-specific survival; GLB, globulin; HDL, high-density lipoprotein-cholesterol; hg, high grade; hgB, hemoglobin; iBCg, international Bladder Cancer group; lDl, low-density lipoprotein-cholesterol; lg, low grade; lYMPh, lymphocyte count; neUT, neutrophil count; nlR, neutrophil-lymphocyte ratio; nMiBC, nonmuscle-invasive bladder cancer; Os, overall survival; PaB, prealbumin; PlR, plateletlymphocyte ratio; PlT, platelet count; PUnlMP, papillary urothelial neoplasm of low malignant potential; sD, standard deviation; TC, total cholesterol; Tg, triglyceride; TP, total protein; TURBT, transurethral resection of bladder tumor.
(Continued) independent predictive factors for OS after adjusting for other confounding factors. Interestingly, NLR and PLR were of no apparent prognostic significance. Similarly, Apo A-I level (HR, 0.328; 95% CI, 0.185-0.583; p < 0.001) was also identified as an independent predictor of CSS in the overall patient population. 
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association between apo a-i levels and nMiBC patients associations between apo a-i, alB, nlR, hgB and Os, Css in subgroup population depending on risk status
The prognostic significance of Apo A-I, ALB, NLR, and HGB were further assessed in patient subgroups defined by IBCG risk classification. NMIBC patients in each subgroup were further subdivided into two groups according to the cut-off values for Apo A-I, ALB, NLR, and HGB levels.
In high-risk patients, as in the overall patient population, elevated Apo A-I (>1.19 g/L), ALB (>41.11 g/L), and HGB levels (>133 g/L) were associated with better OS and CSS, while higher NLR (>1.97) was associated with worse OS and CSS ( Figure 3 ). In contrast, low-and intermediate-risk NMIBC patients had similar OS and CSS regardless of high or low Apo A-I, ALB, NLR, and HGB status, which may be due to their high probability of survival (data not shown).
Predictors of Os and Css in subgroup population depending on risk status
Factors that predicted OS and CSS were then identified in the IBCG risk classification subgroups. In high-risk patients, age ( (Table 5) . Similarly, Apo A-I level (HR, 0.269; 95% CI, 0.133-0.541; p < 0.001) was also identified as an independent predictor for CSS in high-risk patients (Table 6 ). Although univariate analysis revealed that Apo A-I was significantly associated with OS and CSS in the low-and intermediate-risk patients, multivariate analysis indicated that Apo A-I was of no apparent prognostic significance after adjusting for the confounding effects of other variables (data not shown).
Discussion
To the best of our knowledge, this retrospective study is the first to examine the prognostic value of Apo A-I levels in comparison to other blood indexes, NLR, and PLR in NMIBC patients who underwent TURBT. NLR is an indicator of systemic inflammatory responses and is a well-known predictor of oncologic outcomes in bladder cancer patients. 4 ALB is also an independent prognostic indicator in many malignancies, such as upper urinary tract urothelial, renal cell, and breast carcinomas. [23] [24] [25] In agreement with these studies, we found here that elevated Apo A-I, ALB, and HGB levels were associated with better OS and CSS, while higher NLR was associated with worse OS and CSS. In addition, univariate analysis revealed that Apo A-I, ALB, and NLR were significantly associated with OS and CSS. However, only Apo A-I was of prognostic significance when all three indicators were included simultaneously in multivariate analysis. We also found that age and tumor grade were the most important prognostic factors for predicting OS and CSS, which was similar to a previous study examining prognostic indicators of OS in NMIBC patients. 26 Furthermore, analyses of patient subgroups defined by IBCG risk classification showed that elevated Apo A-I, ALB, and HGB levels were associated with better OS and CSS, while higher NLR was associated with worse OS and CSS, in high-risk NMIBC patients. However, in low-and intermediate-risk patients, Apo A-I was not associated with OS or CSS, which may result from their high probability of survival. Apo A-I level was also identified as an independent predictor of OS and CSS in high-risk patients after adjusting for the confounding effects of other variables.
As the major HDL-associated protein, Apo A-I is synthesized primarily in the liver and small intestines and shuttles redundant cholesterol from peripheral organs to the liver for excretion. Apo A-I has been extensively studied as a therapeutic agent for cardiovascular disease. [27] [28] [29] Interestingly, Apo A-I has also been identified as an independent predictor of OS in several cancers. 13, [15] [16] [17] [30] [31] [32] Consistent with these studies, we found here that higher Apo A-I levels were strongly correlated with more favorable OS and CSS in the overall NMIBC patient population and in high-risk patients. Fiveyear OS and CSS rates were 83.44% and 87.94%, respectively, in patients with Apo A-I levels of 1.19 g/L or lower and 94.44% and 94.29%, respectively, in those with Apo A-I levels higher than 1.19 g/L. These findings also suggest that Apo A-I might serve as a valuable prognostic indicator in NMIBC patients undergoing TURBT.
Although the mechanisms responsible for the association between Apo A-I and antitumor properties are unclear, several plausible explanations have been proposed. Apo A-I mimetic peptides reduce levels of lysophosphatidic acid, a wellcharacterized promoter of ovarian cancer cell proliferation, in the serum by binding to it with high affinity. 19 Similarly, treatment of ID8 cells (a mouse epithelial ovarian cancer cell 
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association between apo a-i levels and nMiBC patients line) with Apo A-I mimetic peptides dramatically reduced cell viability and proliferation by upregulating the antioxidant enzyme MnSOD and decreasing HIF-1α expression. 33, 34 Apo A-I mimetic peptides can also function as novel antiangiogenesis agents as evidenced by their inhibition of human umbilical vascular endothelial cell proliferation, viability, migration, invasion, and tube formation, 35 though cancerrelated angiogenesis may be limited in NMIBC patients. Furthermore, Apo A-I inhibits tumor-permissive features of the tumor microenvironment and promotes transformation of tumor-associated macrophages from a pro-tumor M2 to an antitumor M1 phenotype. 6, 18 Moreover, Apo A-I is upregulated in both primary and recurrent bladder cancer patients and may be a potential diagnostic biomarker for bladder cancer. [36] [37] [38] [39] Li et al found that Apo A-I levels were increased in urine samples from patients with bladder cancer; the authors also noted that the Apo A-I detected in urine from bladder cancer patients was not released from bladder tissue (whether cancerous or morphologically normal). 36 Investigations into the source of Apo A-I found in urine may improve our understanding of the role Apo A-I plays in bladder cancer. Here, we also found that preoperative Apo A-I levels increased with ALB and PAB levels, but not with NLR, in NMIBC patients. Hypoproteinemia is indicative of systemic inflammatory response, and ALB level is a well-known biomarker for malnutrition. 24 Low PAB levels also indicate depletion of protein resulting from LG chronic inflammation. Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-I, apolipoprotein A-I; Apo B, apolipoprotein B; BMI, body mass index; CSS, cancer-specific survival; GLB, globulin; hDl, high-density lipoprotein-cholesterol; hg, high grade; hgB, hemoglobin; lDl, low-density lipoprotein-cholesterol; lg, low grade; lYMPh, lymphocyte count; neUT, neutrophil count; nlR, neutrophil-lymphocyte ratio; nMiBC, non-muscle-invasive bladder cancer; Os, overall survival; PaB, prealbumin; PlR, platelet-lymphocyte ratio; PlT, platelet count; TC, total cholesterol; Tg, triglyceride; TP, total protein. 
association between apo a-i levels and nMiBC patients
We think the elevated Apo A-I level may result from systemic inflammatory or immune response to bladder tumor, especially through macrophages. It has been found that tumor necrosis factor α could activate endogenous expression and secretion of Apo A-I in human macrophages, which was indeed mediated by mitogen-activated protein kinase cascades. 41 Moreover, Apo A-I could promote the transformation of tumor-associated macrophages from a pro-tumor M2 to an antitumor M1 phenotype and decrease the percentage of M2 macrophage by preventing their polarization. 6, 42 Interestingly, studies also demonstrated that M2 macrophage infiltration was negatively correlated with better CSS in patients with bladder cancer. 43 Therefore, we have reasons to believe that macrophages are involved in the association between Apo-I and survival of NMIBC patients. In addition, Apo A-I level was associated with longer survival in patients with renal cell, ovarian, colorectal, nasopharyngeal, and ureter urothelial carcinoma, [13] [14] [15] [16] [17] rather than only in NMIBC patients, which may also indicate a systemic response. Undoubtedly, additional studies are still needed to determine the mechanisms that are responsible for the association between Apo A-I and inflammatory or immune processes in NMIBC patients.
In addition, two issues in this study should be noted: the low rate of concomitant CIS and patients with PUN-LMP included. The low rate of concomitant CIS may be attributed to the following reasons. First, some patients may be detected at a later stage and CIS may have progressed to muscle-invasive bladder cancer. For example, studies reported that approximately 54% of patients with CIS progress to muscle-invasive bladder cancer without treatment. 26 Second, concomitant CIS was found more in muscle-invasive bladder cancer patients than in NMIBC patients. 44 Third, the incidence of concomitant CIS was rare naturally and the number of patients was also limited in this study. Regarding the reasons for including patients with PUNLMP, there is no doubt that NMIBC patients comprise those with PUNLMP. Otherwise, a selection bias may result from excluding these patients. Another reason was that PUNLMP was essentially different from benign tumor with Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-I, apolipoprotein A-I; Apo B, apolipoprotein B; BMI, body mass index; CI, confidence interval; GLB, globulin; hDl, high-density lipoprotein-cholesterol; hgB, hemoglobin; hR, hazard ratio; lDl, low-density lipoprotein-cholesterol; lYMPh, lymphocyte count; neUT, neutrophil count; nlR, neutrophil-lymphocyte ratio; Os, overall survival; PaB, prealbumin; PlR, platelet-lymphocyte ratio; PlT, platelet count; TC, total cholesterol; Tg, triglyceride; TP, total protein.
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shang et al a 35% recurrence rate. 45 Moreover, numerous studies that attempted to investigate predictors of oncologic outcomes in NMIBC patients also included PUNLMP patients. 4, 46, 47 The retrospective, single-center design of this study, which inherently involves some degree of selection bias, limits the applicability of the results. For example, the optimal cut-off value determined by ROC curve analysis may be different from that calculated by other statistical methods and the limited number of patients may also result in a bias in cut-off value. Prospective, randomized trials are needed to validate our conclusions. In addition, NMIBC patients have relatively long survival times, and follow-up time points beyond 5 years are necessary to confirm these results. Moreover, other combined predictors were not included in our study, which probably should be adjusted as well. Finally, in-depth basic research and clinical studies are needed to identify the mechanisms responsible for the relationship between Apo A-I and survival time in NMIBC patients.
Conclusion
In this retrospective study of NMIBC patients who underwent TURBT, we found that elevated Apo A-I was associated with better OS and CSS and that higher preoperative serum Apo A-I levels were independent predictors of OS and CSS in the overall patient population and in high-risk patients. These results suggest that Apo A-I might serve as a valuable independent predictor of OS and CSS in NMIBC patients; measurement of Apo A-I levels during routine pretreatment evaluations might therefore improve therapeutic decision making for these patients.
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association between apo a-i levels and nMiBC patients Figure 3 Kaplan-Meier analyses for Os (A) and Css (B) in the high-risk population according to preoperative alB, apo a-i, nlR, hgB. Abbreviations: alB, albumin; apo a-i, apolipoprotein a-i; hgB, hemoglobin; nlR, neutrophil-lymphocyte ratio. Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; Apo A-I, apolipoprotein A-I; Apo B, apolipoprotein B; BMI, body mass index; CI, confidence interval; GLB, globulin; hDl, high-density lipoprotein-cholesterol; hgB, hemoglobin; hR, hazard ratio; lDl, low-density lipoprotein-cholesterol; lYMPh, lymphocyte count; neUT, neutrophil count; nlR, neutrophil-lymphocyte ratio; Os, overall survival; PaB, prealbumin; PlR, platelet-lymphocyte ratio; PlT, platelet count; TC, total cholesterol; Tg, triglyceride; TP, total protein.
TC, total cholesterol TG, triglyceride TP, total protein TURBT, transurethral resection of bladder tumor 
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